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(57) Abstract: An exposure apparatus, wherein exposure is carried out while filling a space between a projection optical system 


and a substrate with a liquid, enables to suppress deterioration of a pattern image caused by air bubbles in the liquid. The exposure 
apparatus comprises a liquid supply unite (1) for filling at least a part of the space between the projection optical system and the 
substrate with a liquid (50), and exposure of the substrate is cairied out by projecting an image of a panem onto the substrate via the 
^ projection optical system. The liquid supply unite (1) comprises a deaerating unit (21) for suppressing formation of air bubbles in 
^ the liquid (50). 
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mxitm^mm:^ii^mir^^^>/'\\^(Dmmm.)^mztj:^j:oizmmi-^(Dtm^ 

^mM<Df^2(Dmmizm7.it. (pd (z:j:t)/f^->©0:&si5 
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4 


wo 2004/053950 


PCT/JP2003/015407 


iite-e^o. R^mi^T^^m^T'^tiit^i^o ^i^iz, mmi^m^mmit. tarn 

izm^^Mmi^^y ^ 'J >c>'-r%,y '()\.'${mm^m^Tl^^ztt>mtLl^o 
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msit. #^$t>'x;usifi5iiix>'x;ua)BBg0!i:&^-rEi"cfe§o 
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2it>-F2U-if7t 5 7nm) mcDMmm^^ (VUV^) «:^:rA<ffl^^ e.;tx 

lb^SMSTDl3ct'9iEib^tii)o TX^T^t"- vIElb^gM S T Dli. %m'^m 
CO N TiZct i9$iJffli^;h<^o 7^- i>-M s T ±0^7.^1^1(0 2 ;5;7c:&[p^£D{i 

sc o N T izi^ti^^:s>o ummmc o n t i*. u —*f=Fmi(otimmmzm^i^ 
7:-^X'i^x7^--ymm}mmMSTD^m.m-t:hziiX'^y(.^>(.^-iyMsnz^n 

^^PL(i^fg^2^tj«^;*^^©t>-rtLTt,.fcUo sfc. ^mmmm(Di9iB%mmp 
L(D9c^m m^pm) izit. ^^m^ (u>x) 6ot^mmPK^K>mihLxi^ 
3©3t^m^6 oiiis^pKiziMUTWjiji (3:5^) ssmizmi-f^tiTi^^o 
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PLO0®ii|IKfi1?l32p:^T:,5:;S-fS]OD{iLM) A<W^;Ki.o -T^fe^b-fe. ZX5^-v5 
1 (ix St5P(Z):7*-:b::^feg^^mfcMM^^»UTS*SP(Z)^®^:j-- h-7:d-- 

h u-^u >^:^itT:jsij^^mp L(D^®i3^t»-ttii*^x x y 
mK:^7^-VP ST (zxy^—ys 1 ) ±(::ii. S«X5^-vP s Tiitt.i3iS 

45 P CD 2 ;^:^:6-rR]CD<uS. JS^l/Efe^fi U -ifT}^lf 5 5lZJ:<0 ^JTJU^^ ATrIt 
;I'J^ it>lJJ$$mi±$iJ^^MC O N T (z:£ii:^ ^ tli> o UM^^C O N T (*. U — !f 

^^tt 5 5 (Dnmmmiz&^i\-cm^:^y'-iy'mw}mm: p s t d ^rigib-ri. z t-c 

m^Xy^-^P STlZ^^ttlTl\:h&^P<D{uM^l5b^nOo 

M(D/^^->(Dm^mmpnz^w i^B) Lxl^^m^t. mRP(Dmmt.nB^ 

P L CDStS PmcDzft^m^ ( b >X) 6 0 0D$tSa5® (T®) 7 ^©Pe^lZim^© 
^Si*5 0A<^fe^ti?)o ±iliLfect-5II. *S^3fe^^PL<D$fe»J(3fd:b>X6 0 
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C O N T liJ^f*:fit*§^a 1 ^lES) Ux 3 X^U 4 LT^P^ 5 6 

iz:J^ urmfiLB^K^ tz. Y) m^sro-m 5 o -^mi^-t^ i: t» 13. >iSi*ii]iR^g 2 ^ 

IgilbL. Is]JjS^X;U52Slt;'[5li|Xe6$:i^L7:#{iiB^P^^fe0m^«0D)?|f*:5 0$:^ 
Pb^5 6J;»?l2li|Xt-i.o 3tll3ctt)s ^^%^^P L(D%^mi t.^^? hCOmcotE. 
m 5 6 5 0 f^Ui^^iri^ o 

©U>X6 0|*. ^tSSaJS 0 A*«^:^I$3l3ie!'^&gp^/£|±:&^LTYf4^[fil (^^ 
^mi5\p\) l3$ffl:lt^*iff$4^l3j^^^tlTU>i>o ^S^^Bt(3l*. ^fei^gP 6 0 A (Dit 

Ta)^JT$a)ls^fI^(3 x'x <p M(D-gp(Z)A-^ - >^A<^^^ti. P L (3 
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llSli. fei^^:^3^PL(7)U>X6 0 ©$t5ffi§P 6 0 A h . Jti* 5 0 Xtt^fnjlz 
tt$&-ri)fa±$&y X;U4 (4A~4C) i:, )1$#:5 0^[l]iJX^i,|D]ijxy X;U5 (5 A. 
5B) tCDiuMm^^TJ^t-mT'^^o II|3(3^^^^T. b>X6 0(D$t^gP6 0 A© 

§36 0 A^Xfft^(p)lZ^t?J;3(z:s +X:6-fRl{|iJ(3 3o(3!)fit^i§yX;U4 A~4CA<IB 
mtfti. -X;5-f^<BiJI3 2o®[5]JJxy XJU5 A. 5 B*«iBg^;K-CUSo ^LTs « 

A. 5 B(il5]ijxl:4^:n^UT>?Sf*(H]iR^M2(3jg$i^tiTU:5o ^fzsm^yXJl. 
4 A~4 C iilEliJxy XJU5 A. 5 B h ^^feSrogP 6 0 A(7)4"CW'*t LTIBg 1 8 0° 
iHlfeLfcfeMi::. m/X;U8 A~8Ci:. iHliIXy XJU9 A. 9 Bi:?b^iBS^n-C 
^^o «fg/x>iU4 A~4Ci:IH]ijxyX;U9 A. 9 B tli Y$ft:&ip)(c:5^S(;:iB?iJ^tis 
1^$&/X;U8 A'-8Ci:lH]iixyx;i.5 A. 5 B h(± Y$ft5&fq]l35SS(lBB^J^*i> #^ 

$eyx;u8A-'8ciiia^$&<gi ot:'f\'Lxm^m^^mi izmm^H. siix/x^u 

9 A. 9B(iI5Ji|X@1 1 ^Irtn^LTj^l^lHliR^MaiC^li^tlTUSo /X;^*^e»^D 

So 
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&^Rp±izi9iB^ti^j'^^ ->^(o^itt:m±-t^tcisbiz. m^\mi^mi^^m:2 

?£:m^©igjg (^jx.ii9 o^c) iztm-t^i}ummm:2 1 api^^s2 1 iz<k*ota 
mttitcy^i^s 0(D}^^^pm(D}^mzmm-t^}Ei&mmmm2 zt^m^xi^^, 
s fe. la 4 icii^iaj^Tfe § >i^w*if.s^# 1 (i^iSf*: 5 0 ^pn^mui^-^m^ ^ 

Tt^i>5^-\'>A'|*i®^gJg (0ij:^(i2 3»c) Lmmmzm^i-^o }^mm^mmi2 2 
izitm^m 3.10 t^^m^H-c^ 0 ^ jgj^PM^a 2 2 13 j: oiagpn^ti^j^s 
i*5 0(iijpjE7j<>n 5(3,^<9«*&W3 (1 0) ^ii-L-c^mseizim^ti^o 

i]ummm2 1 it. m^it^><pm(DiiR^mm^^\iizmi^5o:^iiRm[.. zcoiiRm 
'^m^M-t^ztT-mi^s o^ktnm-t^'bcDT'ib^T. z(DiiR^mm.izii^m^ 

^ -ji^mcommm^i^mmm^^tzMi^mf^mzmL. ^tomm^^^izmw 

5 0^3fEl-^^©#^4liffi Uf^o 
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VX>7M*<v':;^>7;^5^-S^-MST(z:n- K^ti^fc t'fcl^. S^fiP A<S45X7^- 
v P S T (C □ - K ^ ;h.7t 6 . mm'^m c o n t i ^isib u . 5 

2o^mim-r^zii\z^v)m^^^^^^^icitziimT:tmmm.2 1 [zm^^n 

imm^2 1 ■T:¥fi^(D^\Ztm^iCl^Zi:L[Z^y)Wi%^in^o ftS^^^tlTtSlf*:^ 

2 2. :^ifm^m3m(Dm.w^ o<Dym\t^m^icixnK> . m^50[tz(om^ik 
+^\zmrzy^t:imBn:'MMo -rj&^j-fe. z<Dym^mi^m^5 Qit^i^iicom 

Q\zm^^ici^t.-(i<Dm.^%mj&r^m^m^tj:^(D^mm mwtcomfm) \t 
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lis y X;u 5 A . 5 B ^ffi IM:. mi^m'^^m 1 ;S:l>>'/"^^^*:|E]i|X^g 2 l;i J; 5 0 

$iJ^ tifeJti* 5 0 t^ikB^^m P L P h(DPB^lz:#t$g^ Mtiit, 13. Ih]i|X ^ 
X;i.5 (5 A. 5B) s ;RU^IaliR<t6*^Lr}?S<*:5 0A<??t#l51iR^g2lz:lsli|X^ 
tl. U>X6 OtSt5Pha)^^}tyh^ctai3-X:?5-fSj(3j^f*:5 0A<>3iEtl5)o -t^. 

^Epxb-e^-r^s:^ifi] ( + x:?5-[n]) iza^sp^^^Ki^-ynr^M^^^f dJ^-^iz 
(i. m^m^ o. #t|^yx;u8 a~8c. [o]i)s<B'1 i . Rif^i^^y X)i9 a. 9 e 

t>ti^o -tut)t>. mEPt^+x:^\^iz^m-t^mizit. oRzfmi^yx 

;U8 (8A~8C) «::n^LT>^1*:f^^$&^g1 A>e.JI5jm^tl/c^fls:5 0*<^3fe^l^ 
PLii&^PtCOmizm^^^^iiii'^lZ^ [Hli|XyX;U9 OAs 9 8) X RXf^ 
iR^I 1 ^:^M^T}?Sf*:5 0A<JS^*:lsli|X^g2(z:liIi|X^tL. U>X6 0hSt5Pt© 
ra^/1tfe-rctai3+X;5-(n)lz:>^#:5 OA<5fEtL2.o Z(DJ:oIZ. $iJ^^gCONTtt. 

i$5 Oltm&P (D- X-^\ai^CD^mizn^'DTtE.m5 6lZ^\^jh^H^ J:z>tZLi:^^ 

+x:i5-fpi. X(i-x:s-fR)(Z)i:r-fee>(D;5'[S](c:St5P^^S-r?>J^lz:'fc. u 
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mit 5 0 =&+^i3fl5fem bxt^^zcomw 5 0 ^ikBz/tmm p l tms. p tcomizi^ 

1 i:^P^5 6i:©Pa^®j)lE8Sct>-\^. ^i^^fe^^ P L (3D$tiS® 7 . ^5uttS45P|g® 

SS^^Fb^ 5 6 ^Mti^ ZtlZ^Kf. yi^W 5 0 ltZ(D)M^^lZ^:^-t:^m^^M L 
m^-C $ § o * P L P i; ® Fe^CD^fel 5 6 IZ^^^^ tiTzi^i^. 5 0 

It. "^(DmmcDMi^ i^m.) izmn^ztiztji^rzibs mi^5 ot^izmmcDm^ 
^^z>miz. mi^miummziz^iiR^ti^o Ltzt<-z>x. ^ms 6iz^{f:^mw5 

82 1 (i. F«3ic:iS:(:>-ri3. >?$**:«$&^gi 3!}^e,gttLfe^F/fi::i£ltr 

* 5 0 (d:^JtPM^g 2 2 1^ J; 0 '^mmt tLtz^mT^^m 5 6 13#t$& 

^;fx^(D-Cs m&pmm(D)^^mmt^ft>ti. m%(Dmiz^{^:^mzj:^^mp <d 
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^UTv 9 3 nTr\mm(Dm^^EHzM-r^m7i(. (tK) ©S^/r^nliS 

1^1. 4 7~1. 4 4MhmtotiT*Ji9. ^3fe^E L©^;J^iiLTA r F3i=j^5> 
x'U-if^ 9 3nm) «t5 P ±7:(i 1 / n . ^;&:t>-^$^1 

3 1 ~1 3 4 nm^Jgl3^?^:^^b^tlT;^t^^S^;g6<^f e>;KSo HCls Mj^^^t 
mm.^lZtt^-cmr\i^. -ttJ:t>•^^^ . 4 7 — 1 . 4 Ai^mmz^lUz^ h^tclsb. 

^n.'^X'i^m-t^m'^iimm&cDm.'kmmtm^-c^tntj^i^m'^izit. 

mxitiiRm iiv'ilx^^) ©p^lz:fflt^:5^^r^- s-efeo-cfeJ;t^o 

iliAL. PlMBt^lZlfctM:^ ^^Tfe^^ P L OD^lig^. S*SP±-ecDM7fe3feE LCDBS 

%±i-i.^ijtii!4^x ^tcitmws 0f^(D^fiim<Dnmtj:^izimmLTmi!^5 oiztg 

^ fcv 5 0 (Dm^iZJ: o l; ^ikB^^m P L ©$tiS<D^^m^hSt5 P 
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(:7'vm^(73>^^#:) ^il^'y<b7KUx-7^;U (PFPE) Tr^oTtictUo Sfev 

iif^t<m < X iS^T^^^ P L "^ms. P asicM^^ tir IN s 7 :t h u S/-::^ h 13** u 

fe?.lN(iS*5P±(3*S^^ti?)A-^->-^(D^<b^tei]:-ri)/cto(3. m 

m^^^^T^y-Ol^ 2 Oh. ^-f 2 0-?:^i|^!J^|^^^tlfc>S<*5 0^:»Et- 
i)C:i:l:CIa)i^^#:5 O^Jl56^1-i,Ma^a2 3ii. Mff^«2 3TM^*aS^4ife 
>?S<*5 0$:5^-\' >A*rtOigJgi:(5IS|5| UigJtllliM-rSJgJgi^^g 2 2 iiiPJE^ 
>r2 5i:^iii^TtN?.o ME^®2 3(i. >S^*:5 0«r<^^-r?>^tl^q&L. Z(D 
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0»Ch«:?>t$roJE:b ('^J^JE:tj) It. :k^m (1 0 1 3 2 5 Pa) TrfeSo 
t<9 O'^C tt^:^t^<D}^mE.t)lt. 7 0 12 1 PaTffei^o [3l«l3. }»,^8 OXT 
tt/WE:^ 4 7 3 7 7 P a . j^,^ 5 0"C7:tt;WJE;^ 1 2 3 4 5 P a . 3 0»C 
T:(i^lli±±i 4 2 4 4. 9 P a . j^^^^, 2 O'CT'lt^^m&ti 2338. 1Pa7?fei>o 
L/^A^oT. MiE^S2 3(i. mi^5 0 (O'^mtm^mu^^mzJ: *) 1 0 O'CiZ 

^TtSo -15. 0(D}^&t^9 O'CT'^^m^lZlt. MJE^M2 3|±JE:^:fe 

:*:mJE~xgJS9 0»C-p(Z);16BiJE:b (7 0 1 2 1 Pa) (Ommizm^T ^ Z fT: . ^ 

o^)^m^-^-c^m.T'^^o mmiz. mxitmi^s ocDi^mt^s o'cx-it. m 
f^^mz 3itKtt^:^m.}£--i^m&t) (4244. 9Pa) iz^^-t^bztx'. m 
i^so^&mm^itTHft^ir^^o zcoj:^iz. mi^5 0(Dmj^it &t}iz J: y)^m-t 

0.mz^itn.i:tio 
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